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FOREWORD

The Unified Facilities Criteria (UFC) system provides planning, design, construction, operations
and maintenance criteria, and applies to all service commands having military construction
responsibilities. UFC will be used for all service projects and work for other customers where
appropriate.

UFC are living documents and will be periodically reviewed, updated, and made available to
users as part of the Services’ responsibility for providing technical criteria for military
construction. Headquarters, United States Army Corps of Engineers (HQUSACE), Naval
Facilities Engineering Command (NAVFAC), and Air Force Civil Engineer Support Agency
(AFCESA) are responsible for administration of the UFC system. Technical content of UFC is
the responsibility of the preparing tri-service committee. Recommended changes with
supporting rationale should be sent to the respective service proponent office, as follows:

e HQUSACE, ATTN: CECW-E, 20 Massachusetts Ave., NW, Washington, DC 20314-1000 or the
Recommended Changes To Engineering Documents page on the TECHINFO site listed below.

e Commander, Atlantic Division, Naval Facilities Engineering Command, 1510 Gilbert Street (ATTN:
NAVFAC Criteria Office), Norfolk, Virginia 23511-2699 or ufc@efdlant.navfac.navy.mil, by commercial
telephone (757)322-4200 or DSN 262-4200, or by facsimile machine to (757) 322-4416

e Air Force Civil Engineer Support Agency, 139 Barnes Drive, Tyndall Air Force Base, Florida
32403-5319 or larry.spangler@Tyndall.af.mil.

UFC are effective upon issuance. UFC are distributed only in electronic media from the
following sources:

e USACE TECHINFO Internet site http://www.hnd.usace.army.mil/techinfo/index.htm.
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e Construction Criteria Base (CCB) system maintained by the National Institute of Building
Sciences at Internet site http://www.nibs.org/ccb/.

Hard copies of UFC printed from electronic media should be checked against the current
electronic version prior to use to ensure that they are current.
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ABSTRACT

Thi s handbook augnents six Water Environnent Federation (formerly
Wat er Pol lution Control Federation) nanuals selected by the
Departnent of Defense to serve as basic design guidance. These
Wat er Envi ronnment Federation (WEF) manual s address nobst topics
pertinent to wastewater treatnment system design. However, sone
topics inportant to mlitary facilities are not covered in detai
in the WEF manual s or require particular enphasis. This handbook
addresses those topics and includes the follow ng topic areas:
wastewater treatnent facility planning and desi gn devel opnent

(i ncluding regul atory conpliance and nmanagenent), wastewater fl ow
rates and characteristics, Navy wastewater collection and

transm ssion systens, oil and water separators, package plants
and small flow treatnment systens, |agoon systens, chem cal
storage and handl i ng consi derations, effluent disposal/

recl amation, solids conveyance and solids pretreatnent,

| aboratory facilities and sanple collection system design, and
corrosion control.
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FOREWORD

Thi s handbook is approved for use by all Departnents and Agencies
of the Departnment of Defense. It is intended to guide the reader
in the design of wastewater treatnent systens. Conmmerci al

equi pnrent and materials nentioned in this handbook are included
for illustration purposes and do not constitute an endorsenent.

Beneficial coments (recommendations, additions, deletions) and
any pertinent data which nmay be of use in inproving this docunent
or the WEF manual s should be submtted on the DD Form 1426

St andar di zati on Docunent | nprovenent Proposal and addressed

t hrough nmaj or commands t o:

Air Force: HQ AFCESA/ CESC, 139 Barnes Dr., Suite 1, Tyndall AFB,
FL 32403-5319.

Arny: HQ USACE/ CEMP- ET, 20 Massachusetts Avenue, Northwest,
Washi ngt on, DC 20314-1000.

Navy: NAVFAC Criteria Ofice, 1510 Glbert St., Norfolk, VA
23511- 2699.

DO NOT' USE TH S HANDBOOK AS A REFERENCE | N A PROCUREMENT DOCUMENT
FOR FACI LI TIES CONTRUCTION. I T IS TO BE USED I N THE PURCHASE AND
PREPARATI ON OF FACI LI TI ES PLANNI NG AND ENG NEERI NG STUDI ES AND
DESI GN DOCUMENTS USED FOR THE PROCUREMENT OF FACI LI TI ES
CONSTRUCTI ON ( SCOPE, BASI S OF DESI GN, TECHNI CAL REQUI REMENTS,
PLANS, SPECI FI CATI ONS, COST ESTI MATES, REQUEST FOR PROPOSALS, AND
| NVI TATION FOR BIDS). DO NOT REFERENCE IT IN M LI TARY OR FEDERAL
SPECI FI CATI ONS OR OTHER PROCUREMENT DOCUMENTS.
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WASTEWATER TREATMENT SYSTEM DESI GN CRI TERI A MANUALS

Criteria Manual Title Preparing Activity

M L- HDBK- 1005/ 9 I ndustrial and G ly NAVFACENGCOM 15C

El

Wast ewat er Contr ol

11C201 WAst ewat er HQ USACE- CEMP

Col | ection and Punpi ng

MIlitary-adopted commercial wastewater treatnent system gui dance
(Primary Design Guidance Docunent), published by WEF:

Desi gn of Municipal Wastewater Treatnent Plants (Mnual of
Practice [MOP] 8, Volunes | and Il) (Jointly published with
the Anerican Society of G vil Engineers [ASCE] as Report on
Engi neering Practice No. 76.)

Gravity Sanitary Sewer Design and Construction (MOP FD-5)
(Jointly published with ASCE as Report on Engi neering
Practice No. 60.)

Desi gn of WAstewater and Stormnater Punping Stations
(MOP FD-4)

Al ternative Sewer Systens (MOP FD- 12)

Exi sting Sewer Eval uation and Rehabilitation (MOP FD- 6)
(Jointly published with ASCE as Report on Engi neering
Practice No. 62.)

Wast ewater Di sinfection (MOP FD- 10)
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Section 1: | NTRODUCTI ON

1.1 Scope of This Handbook. This handbook suppl enents the
set of commercial design guidance docunents adopted by the
mlitary for use in designing wastewater treatnent facilities at
mlitary installations. That primary design set consists of six
manual s of practice (MOPs) published by the Water Environnent
Federation (WEF, formerly known as the Water Pol | ution Control
Federation). As an augnenti ng handbook, this guidance shoul d be
used in conjunction with those commercial nanual s.

Per sonnel responsible for designing fixed-base
wast ewat er treatnent systens, including experienced engi neering
personnel within the Air Force, Arny Corps of Engi neers (COE)
and Navy as well as contract architectural engineering (A E)
personnel, should refer to each of the six WEF MOPs and to this
augnent i ng handbook.

1.1.1 Use and Limtations. This handbook is a process design
gui de and does not address general plant design. |In designing
and constructing any wastewater treatnent facility, numerous
design details need to be considered. They include water supply
systens, lighting requirenents, service buildings and equi pnent,

| andscapi ng, and proprietary processes and equi pnent.
Requirenents for these design elenents are given in other
mlitary and service-specific publications.

Desi gn personnel should al so check current service
policy docunents for detailed instruction. Service-specific
directives take precedence over information contained in
t hi s handbook. Facility fencing and security guidance is
provided in M L-HDBK-1013/1, Design Quidelines for Physica
Security of Fixed Land-Based Facilities and M L-HDBK-1013/ 10,
Design CGuidelines for Security Fencing, Gates, Barriers, and
GQuard Facilities.”

1.1.2 Primary Desi gn Gui dance Docunents. The WEF manual s are
the primary technical guidance source for the design of

wast ewat er treatnment systens. The WEF set includes the foll ow ng
publ i cations, several of which are published jointly with the
Anerican Society of G vil Engineers (ASCE)
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a) VEF MOP 8, Design of Muinicipal WAstewater
Treatnment Plants (Volunmes | & I'l) (ASCE Report on Engi neering
Practice No. 76)

b) WEF MOP FD-5, Gravity Sanitary Sewer Design and
Construction (ASCE Report on Engineering Practice No. 60)

c) VWEF MOP FD-4, Design of Wastewater and Stor miater
Punpi ng Stations

d) WEF MOP FD-12, Alternative Sewer Systens

e) WEF MOP FD- 6, Existing Sewer Eval uation and
Rehabilitati on (ASCE Report on Engineering Practice No. 62)

f) WEF MOP FD- 10, Wastewater Disinfection

1.1.3 Augnent i ng Handbook. Thi s handbook gui des the reader
on those topics that are relevant to designi ng wast ewat er
treatment systens at mlitary facilities and that are not covered
in the WEF manuals. It also supplies information on topics
covered in the WEF set but deserving of special enphasis. Were
di screpanci es occur between this handbook and t he WEF manual s,
the information here takes precedence and shoul d be used.

To provide mlitary personnel with the nost up-to-date
informati on avail abl e, this handbook points the reader to
trai ni ng gui des, handbooks, and ot her docunents published by
authorities in the wastewater treatnent design field. The nost
recent edition of all referenced publications are considered to
be part of this handbook.

1.2 Organi zati on of Handbook. It is suggested that the
reader beconme famliar with the organization, content, and

i nt ended use of this handbook by first |ooking at the table of
contents. Next, the reader nmay page through the manual to get an
overall idea of the organization. For sone topics, the reader

wi |l be guided to published sources for additional detailed

i nformati on.

Appendi x A provides a directory of topics related to
process design. The directory, intended to serve as a Cross
reference for readers, lists each topic along with the WEF manual
chapter and/or M L-HDBK-1005/16 section in which it is discussed.
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1.3 Cancel l ation. This handbook replaces M L-HDBK- 1005/ 8,
Donesti c Wastewater Control, TM 5-814-3, and AFM 88-11 Vols. 1,
2, and 3, Donestic Wastewater Treatnent. M L-HDBK-1005/8 has
been inactivated, but wll be available through the Construction
Criteria Base (CCB) for reference on past projects. Hard copies
of TM 5-814-3 and AFM 88-11 Vols. 1, 2, and 3 should be retained
for reference on past projects.
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Section 2: WASTEWATER TREATMENT FACI LI TY PLANNI NG
AND DESI GN DEVELOPMENT

2.1 Introduction. There are a nunber of topics outside the
detail ed design of wastewater treatnent systens that al so nust be
addressed prior to design. The first two chapters of WEF MOP 8
contain general facility planning and desi gn devel opnent gui dance
for such areas as project sequencing and desi gn standards,
procurenent alternatives, defining objectives, and the future
trends in wastewater treatnent. This information is augnmented in
t hi s handbook section through a discussion of the follow ng

t opi cs:

a) A review of regulatory conpliance and nmanagenent
i ssues for addressing permtting needs and defining the |evel of
treatnent required

b) Facility planning activities, including the need to
conduct engi neering studies prior to design to establish the need
for new or nodified facilities, to develop the design basis for
those facilities, and to determ ne the nost efficient alternative
for achieving the objectives based on cost and non-cost criteria

c) Addi ti onal planning and budgeting activities that
shoul d be part of the design, such as the need for site-specific
&M manual s, facility startup training, and facility performance
testing

d) Ceneral design guidance regardi ng beneficial reuse
of solids, wastewater reuse, and considerations for cold climte
desi gn

Addi tional requirenments for planning and conm ssi oni ng
of wastewater treatnent plants are included in M L-HDBK- 353,
Pl anni ng and Conm ssi oni ng WAst ewater Treatnent Pl ants.
M L- HDBK- 353 1 ncl udes requirenents for progranmm ng, i ncluding
preparati on of a Requirements and Managenent Pl an (RAMP), design,
construction, inspection conmm ssioning, and performance
conmi ssi oni ng.

2.2 Regul at ory Conpliance and Managenent

2.2.1 Federally Owed Treatnent Wrks (FOTW). GCenerally,
FOTW are operated and adm nistered under simlar permtting and
operational provisions set forth for publicly owned treatnent
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works (POTWs). That is, these facilities conply with the
construction permtting, operational permtting, and effluent
di scharge and residuals handling permtting requirenments as
adm ni stered by individual states and/or the U S. Environnental
Protection Agency (EPA).

2.2.2 Permtting Requirenents. Permts are issued for the
construction or nodifications of FOTW, discharge of treated

ef fluent, discharge of stormmater runoff, and residual solids
managenent practices. These permts can be issued by Federal
(EPA), state, or local governnents. Sonetines all three |levels
of government issue separate permts. Mre often, the FOTW
operating permts are conbi ned.

Managed by the EPA, the National Pollutant Di scharge
El i m nati on System (NPDES) programissues NPDES operating permts
requi red before an FOTWcan di scharge any process water into
waters of the state. Many states are considered to have “NPDES
primacy,” meaning they are authorized to i ssue these permts.
Typically, states with this primacy will al so incorporate any
uni que state requirenents into the NPDES permt. Sone states
al so have their own di scharge permtting program This program
requires the permttee to obtain a state discharge permt in
addition to the NPDES di scharge permt. Local governnments may
have separate requirenents, so FOTWdesigners should check with
| ocal pollution control agencies to determ ne what | ocal
requi renents may al so pertain. FOTWdesigners will need to be
aware of all operating permt requirenents to effectively design
or nodify existing systens. In addition to wastewater, NPDES
permts can al so address stormmater and solids. Treated effluent
that is entirely disposed into the groundwater does not need an
NPDES permt to discharge, but it may be subject to NPDES permts
for stormmvater or solids. A valid NPDES permt will identify the
owner, describe the process, describe the discharge |ocation and
frequency, and contain specific and general conditions.

An NPDES permt is not a construction permt. |In sone
states, an owner may construct or nodify a facility, but it is a
violation to operate the nodified facility until a valid
operating permt is obtained. Qher states limt al
construction activities until the changes or nodifications are
approved. Any change or nodification to the process should be
reviewed with the permtting agency prior to inplenentation to
determine if a permt nodification is required.
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2.2.2.1 Stormwvater NPDES Permt. | n accordance with 40 CFR
122. 26, stormwater associated wth industrial activities is
managed under a separate stormmater NPDES program FOIW t hat
treat nore than 1 mllion gallons per day (ngd) (4 mllion liters
per day [M./d]) are included in the stormvater NPDES permtting
program as a categorical industrial facility. Al though
stormvat er could be included in the operating permt I|isted
above, nost facilities obtain a general stormwater NPDES permt.
This permit is maintained separately fromthe other permt and
woul d require special reporting or applications. Construction of
wast ewater treatnent plants over 5 acres in area wll require a
stormnat er construction permt.

2.2.2.2 Resi dual Solids Permt. FOTWresidual solids
managenent has recei ved special attention under the Code of
Federal Regul ations (CFR) 40 Part 503. Solids managenent will
typically be addressed as part of the FOTWoperating permt.
However, even if there is no discharge to state or Federal waters
and, consequently, no discharge permt, a separate permt for the
solids may still be required.

2.2.3 Permt Renewal. NPDES permts are valid for up to
5 years. Permt renewal applications nust be submtted 180 days
(about 6 nonths) before the expiration date. Ideally,

preparation for the application begins about 1 year before the
permt application is due. Preparation involves assessing plant
per formance and i nprovenent needs and conducting the necessary
pl anni ng and design required to keep the facility in conpliance.
Docunent this review in a Capacity Analysis Report and an
Operation and Mai ntenance Report, as described below. These
reports are typically prepared by |icensed engineering staff.
Each of these reports may take a couple of nonths to devel op and
may | ead to additional work, so a 1-year lead tinme is not

excessi ve.

If the permt renewal is due and the assessnents are
not conplete, the FOTWnust still apply 180 days before the
deadline. Failure to apply in a tinmely manner is a permt
violation. Changes to the permt can be applied for at any tine
during the permt duration. There may be an additional fee for
each permt nodification application. Conbining requests for
changes with the permt renewal application is often convenient.
If the existing permt is being violated regularly, the FOTW may
need to conduct the facilities planning assessnents described in
par. 2.5 and act before permt expiration.
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2.2. 4 Permt Application Forns. Contact the permtting
agencies to obtain the latest forns required for permt renewal
or changes. NPDES applications usually consist of a Form 1,
cont ai ni ng general owner information, and Form 2A, containing a
substanti al anount of wastewater treatnent plant information.
These fornms require historical plant operation data and nuch of
the sane information required for the Capacity Anal ysis Report
and the Operations and Mii ntenance Report. The Federal

gover nnment does not charge a fee, but state and | ocal agencies
may assess application-processing fees.

2.3 Governing Effluent Limtations. |n planning any
wastewater treatnent facility, 1t is essential that the specific
set of effluent imtations the facility will be required to neet
is defined at the start of the planning process. Potential new
requirenents for effluent limtations should also be identified
so they can be considered in the planning and design of the
facility.

2.3.1 Current Trends in the Wastewater | ndustry That Affect
Effluent Permtting. The regulatory agencies (either state

and/ or EPA) responsible for the issuance of discharge permts are
i npl enmenting nore conprehensive prograns to ensure protection of
the water quality standards of the state’'s streans. In addition,
the regul atory agencies are inplenenting basinw de permtting
prograns designed to bring streans that have been identified as
not currently neeting water quality standards into conpliance.
Thi s program eval uates all sources of pollution (point and
nonpoi nt sources); through the devel opnment of total maxi mumdaily
| oads (TMDL) for the watershed, the program all ocates all owabl e
di scharge levels fromall sources within the drai nage basin.

This could nean that nore restrictive effluent limts will be

pl aced in discharge permts. The use of TMDL in the permtting
process will be prevalent in the future. As facilities go to
basi nwi de permtting, permt renewals may occur over a period of

| ess than five years.

2.3.2 Water Quality Standards. Effluent limts contained in
the NPDES permt are devel oped by the permit witer and are
normal |y based on state water quality standards for the receiving
stream These effluent limts are called “water quality-based
effluent limts.” These are generally nore stringent than

t echnol ogy- based standards. Each streamin the state is
classified in the water quality standards according to its

exi sting or potential uses. Specific and general standards apply
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to each classification. These standards are then used to devel op
the effluent limts for the discharger.

The inclusion of water quality-based effluent limts in
the permt is based on a review of the effluent characterization
presented in the discharger’s permt application (EPA Form 2C).
This review, conducted by the permt witer, assesses the
presence of conpounds that could violate the water quality
standards. For these conpounds, permt limts will be identified
wher ever possi bl e.

2.3.2.1 Waste Load Allocation. Mst NPDES permts include
[imts on oxygen-demandi ng substances (such as carbonaceous

bi ochem cal oxygen demand [ CBOD] and amoni a). Devel opnent of
these limts is typically based on a waste | oad allocation for
the receiving stream Streamnodeling is used to assess the
assimlative capacity of the stream based on the applicable

di ssol ved oxygen (DO) standard. This capacity is then all ocated
anong all the dischargers in the area. Generally, sonme portion
of the streanis capacity is reserved for future dischargers.

Waste | oad allocation nodeling typically consists of a
desktop effort for small discharges and a calibrated and verified
nodel based on field nmeasurenents for |arger discharges.

Model i ng can be performed by the discharger or by the state
agency. Regardless of who perforns the nodeling, the results
receive a detailed review by both the state and t he EPA
Typically, these results are put out for public coment. |In many
cases, the public coment period is concurrent with the public
notice for the NPDES permt.

2.3.2.2 Chem cal - Specific Criteria. Water quality-based
effluent limts can be based on chem cal -specific criteria from
the water quality standards (such as for netals or toxics) or on
general narrative criteria. Specific criteria are used to
develop effluent limts, and in many cases an all owance for
dilution in the receiving streamis provided. Typically, sone
portion of the 7QL0 | owflow (the seven-day | ow stream fl ow
projected to recur every ten years) for the receiving streamis
used for dilution purposes. Background concentrations in the
receiving streamnust al so be considered in these cal cul ati ons.
Where the 7QL0 lowflowis zero, the criteria will apply at the
poi nt of discharge, prior to any dilution. |In these cases it may
be nore economical to go to zero-di scharge systens, reuse, or

al ternate di scharge points.
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2.3.3 Wastewater Effluent Toxicity. Effluent limts to
mnimze the toxic effects of discharges on aquatic |life are

i ncreasingly being added to NPDES permts. These limts can
apply to specific aquatic life or can contain general criteriato
[imt toxicity.

2.3.3.1 Aquatic Life Criteria. For aquatic life criteria,
acute or chronic values apply. The application of acute versus
chronic criteria depends on a nunber of itens, including the use
classification and the available dilution in the receiving
stream Generally, if the available dilution is greater than
100 to 1, the acute criteria apply.

2.3.3.2 Ceneral Narrative Criteria. An exanple of a general
narrative criteria foll ows:

Toxi ¢ substances shall not be present in receiving waters,
after mxing, in such quantities as to be toxic to human,
animal, plant or aquatic |ife or to interfere with the
nor mal propagati on, growth and survival of the indigenous
aquatic biota.

To address this narrative criteria, nost states apply a
whol e-effluent toxicity requirenent in the permt. The whol e-
ef fl uent approach to toxics control for the protection of aquatic
life involves the use of acute and/or chronic toxicity tests to
measure the toxicity of wastewaters. The acute test assesses the
lethality of the wastewater to the test organisns and is
typically conducted for 96 hours or less. The chronic test
assesses grow h and reproduction in addition to lethality and is
typically conducted over a 7-day period. Whole-effluent toxicity
tests use standardi zed surrogate freshwater or marine plants,
invertebrates, and vertebrates. The test is run at the sane
dilution as is allowed for the wastewater in the receiving
stream |If the criteria cannot be net, a toxicity reduction
eval uation of the discharge nust be conduct ed.

2.3. 4 Negotiation of Effluent Limts. Careful review by the
di scharger of the specific basis used for the water quality-based
effluent limts is advisable. In many cases, the basis used to

develop the effluent limts is open to negotiation. Potential
changes to the effluent limtations should al so be discussed with
the regul atory agency. In many cases, future limtations may
affect the initial selection and design of treatnent processes.
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2.3.5 Wast ewat er Reuse. Two general categories of wastewater
managenent exist: wastewater disposal and wastewater reuse.
Several states and communities have, for decades, been pronoting
the beneficial reuse of wastewater as a way of reducing both

wat er demands and wast ewat er di sposal to the environment.
Wastewater treated to appropriate standards and reused is often
referred to as reclainmed water. The nbst comon reuse projects

i nvol ve the use of reclained water for irrigation purposes

(e.g., golf courses, residential, and comercial). Oher uses of
reclaimed water may include fire protection, |andscape features
(ponds or fountains), and industrial supply. GCenerally, a
project is considered a reuse project only if the reclainmed water
di scharge enhances the environnment or replaces or generates a
future potable water supply. A groundwater nonitoring plan is
often required as part of a reuse systemto denonstrate that
conpliance wth appropriate groundwater quality standards is

mai nt ai ned t hroughout normal operation of the reuse system

G oundwat er di scharge is sonetines referred to as
“groundwat er recharge” and may be considered reuse if it is used
to replenish a freshwater aquifer. However, contam nation of a
potential drinking water supply may be a concern. G oundwater
recharge may be in the formof slowrate infiltration (e.g., land
application) or rapid rate infiltration (e.g., through injection
wel I's or percolation ponds). Most |and application projects that
rely on groundwater infiltration for effluent disposal would be
consi dered di sposal projects, not reuse projects, unless it can
be denonstrated that the groundwater infiltration is beneficially
rechargi ng a usabl e aquifer w thout degrading the quality of the
aqui fer for future potable or nonpotable uses. Rapid rate
infiltration reuse projects may include banking of reclained
wat er to augnent future reuse systens, or saltwater intrusion
barriers to protect or enhance future potable or nonpotable
groundwat er supplies. Deep well injection to a saltwater aquifer
is not typically considered to be reuse; however, injection wells
may provide an inportant conponent of a reuse systemto allow for
di sposal of excess wet weather flows.

Any di sposal to natural surface waters is considered an
NPDES di scharge and will be subject to all applicable rules.
If this discharge is to a saltwater body, no reuse can be
denonstrated. However, if the discharge is to a freshwater body
that is subsequently used for indirect potable or nonpotable
wat er supplies, such as a golf course pond, a beneficial reuse
may exist as long as no water quality degradation has occurred.

10
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2.3.6 Land Disposal. Disposal of wastewater effluent on the
| and may be an alternative where no acceptable surface water

di scharge exists or where treatnment requirenents for a surface
wat er di scharge would be too restrictive. No NPDES permt is
required for land application, but a state permt is normally
required. |If land is available and | and application appears to
be a feasible option, treatnment and di sposal requirenents nust be
coordinated with the appropriate regulatory agency. An FOTW not
covered under an NPDES permt is subject to Resource Conservation
Recovery Act (RCRA) regulations if it receives hazardous waste.

2.4 Design Requirenents for Cold imates. Sone mlitary
installations are |l ocated in areas of extrene cold, including
arctic and subarctic regions. Because extrenme cold significantly
affects the design and operation of wastewater facilities,
speci al considerations are required when facilities are to be

| ocated in these conditions. Detailed information on cold

weat her design is presented in the technical nanual T™M
5-852-1/ AFR 88-19, Volune 1, Arctic and Subarctic Construction
Ceneral Provisions. Additional information is provided in Cold
Regions Uilities Mnograph, American Society of Cvil Engineers,
1996.

The effects of extrene cold on wastewater facilities
can be grouped into three categories:

a) Construction. Because of soil conditions such as
permafrost, special considerations should be given to the
construction of facilities, particularly for collections systens.
Al ternatives include aboveground pipelines and conbined utility
systens called “utilidors.”

b) Freezing. Mny of the normal conponents of
wastewater facilities, such as influent screening, grit renoval,
and primary treatnment, are subject to freezing in extrenely cold
regions. These facilities will typically need to be encl osed or
covered, and aboveground tanks may require insulation. Design
bi ol ogi cal processes such as | agoons and ponds to withstand the
effect of ice, and use subnerged aeration systens.

c) Processes. Both chem cal and bi ol ogi cal processes
are negatively affected by extrene cold. Chemcal reaction rates
are generally slower at |ow tenperatures, and chem ca
solubilities are reduced. The rates of biological reactions are
al so reduced greatly, which affects the sizing of biological
treatment processes. |In general, processes with long retention

11
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tinmes are required to provide adequate treatnent. The bi ol ogi cal
processes that have been used nost successfully in cold climtes
i ncl ude | agoons or ponds, either facultative or aerated,
activated sludge with long solids retention tinmes, and attached
grow h systens. Attached growh systens such as trickling
filters and rotating biological contactors should not be used

unl ess they are adequately encl osed and protected fromthe cold.
Suspended growt h systens with short solids retention tinmes such
as conventional activated sludge should al so be avoi ded.

In addition to the direct effects of cold on the design
and operation of wastewater facilities, wastewater
characteristics will generally differ fromthose in tenperate
regions. Wastewater in arctic and subarctic regions typically
will be primarily donestic in nature and higher in strength than
at conparable facilities in other regions.

2.5 Facilities Planning. M L-HDBK-353 describes the

pl anni ng required for preconm ssioning a wastewater treatnent
facility. The sections bel ow describe reports to be prepared as
part of the facilities planning process.

2.5.1 Capacity Analysis Report. This report docunents the
predicted future flows and loads within the treatnent facility,
and eval uates the capacity of existing unit processes to reliably
treat those | oads for the next permtting cycle. The historical
flows and the treatnent performance of the previous 5 years need
to be analyzed. The CBOD and total suspended solids (TSS) | oading
(in pounds per day) also need to be verified. Population and fl ow
and | oad projections are then made to estimate future | oads, based
on projected growh from changi ng or expanding m ssions. The
capacity of each unit process needs to be determned. Note that

t hese capacity assessnents may al ready have been done for past
renewal s. However, the capacity rating of each process needs to
be checked against the |latest |oadings and flow Reliability and
backup provisions nust al so be adequate.

Finally, an assessnent of the future 5-year flow and
| oads needs to be conducted. If the plant is undersized, an
expansion needs to be initiated and a Prelim nary Engi neering
Report for inprovenents devel oped. Higher discharge | oads w !l
al so precipitate additional permt application requirenents to
address anti degradation issues. Modeling of the effluent may be
required to evaluate the inpact of the discharge on the water
quality of the receiving streamand to devel op appropriate

12
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effluent limts for the discharge. These limts would have to be
incorporated into the state’s 208 Water Quality Managenent Pl an.

2.5.2 Operation and Mi ntenance Report. This report reviews
pl ant operations data over the last permt cycle to evaluate
needed i nprovenents to the facility. Any upsets or spills need
to be reviewed to determ ne the cause and possi bl e sol ution.
Sone water quality exceedances nmay be a result of operation
practices and need to be reviewed. The condition of the
facilities, such as the need for painting and other routine

mai nt enance, is evaluated. Sone needs may require changes to the
process or construction approval. Permt renewal is a good tinme
to include nmajor changes. However, not every mnaintenance item
needs to be reported to the agencies. Confirmation fromthe
agency on which itens need permtting is recormended after the
Oper ati on and Mai ntenance Report is conpleted.

2.6 Programm ng. M L-HDBK- 353 descri bes progranmm ng
requi renents for planning and conmm ssi oni ng wast ewat er
facilities. A RAWMP nust be finalized prior to designing a
project. ETL 95-2, Preparation of Requirenents and Managenent
Pl an Packages for MIlitary Construction (M LCON) Program

Proj ects, provides guidance on preparation of RAMP packages.

2.7 Prelimnary Engineering Report. After a RAVP is
finalized, a Prelimnary Engineering Report should be prepared.
This report should be prepared as part of the programm ng phase and
before design initiation. The Prelimnary Engi neering Report wll
outline what changes are required to attain or maintain conpliance.
Typically, this report will contain a summary of the future flows
and |l oads to be treated (fromthe Capacity Anal ysis Report),

a review of any alternative evaluations used to select the
appropriate treatnent technol ogi es, and a conceptual -1 evel design
for upgraded facilities. A professional engineer sizes and plans
for appropriate process changes. The Prelimnary Engi neering
Report is sonetinmes submtted as part of the construction permt
application. Sone states may require final construction draw ngs
bef ore approving the changes, while others may i ssue a construction
permt based solely on the Prelimnary Engineering Report. The
Prelim nary Engineering Report should include, as a mninmm the

i nformati on di scussed in the foll ow ng subparagraphs.

2.7.1 Design Basis. Present the design basis for the
proposed wastewater facilities, including the foll ow ng:
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a) Service Area Description. Define the area and
users to be served by the proposed facilities. Any known users
that are to be excluded fromthe service area or that wll
require pretreatnent prior to discharge to the wastewater
facilities should be identified.

b) Proj ected Fl ows and Loads. Sunmarize wastewater
flows and | oads to be handl ed by the proposed facilities in
accordance with Section 3 of this handbook and as defined in the

par. 2.5.1, Capacity Analysis Report. Ildentify major industrial
and ot her significant discharges, such as ship holding tank
di scharges. 1In general, provide flows in 5-year increnents over

the planning period for the facilities. A 20-year plan should
normal |y be used for evaluating wastewater facilities.

c) Ef fluent Requirenents. Provide tentative effluent
limtations based on review of regulatory requirenents and
di scussions with the governing regul atory agency. Potenti al
future changes to the effluent limtations should al so be
di scussed.

d) Resi dual s Sol i ds Handl i ng Requi renents. Provide
antici pated di sposal nethods for residual solids and associ ated
regul atory requirenents. Methods may include current practices
such as landfilling and | and application.

e) O her Regul atory Requirenents. Identify other
regul atory requirenents that may affect the facility' s eval uation
and design, including reliability requirenents, air pollution
st andards, noi se ordi nances, and hazardous material storage and
handl i ng requirenents.

2.7.2 Al ternatives Evaluations. |In general, alternatives

eval uations should be perforned to determne the facility
configuration and processes that will nost cost effectively neet
the requirenents identified in the design basis. In sonme cases, if
a facility is being expanded and it is designed for expansion using
the same processes, only Iimted evaluations may be required (such
as alternative equipnment selections). However, if an analysis to
determ ne cost effectiveness is not performed, the basis for

sel ecting the proposed facilities should still be docunented.

Eval uate alternatives for liquid treatnment processes to
meet effluent limtations and solids treatnment processes for
handl i ng and di sposing of residuals. Wen evaluating |iquids
treat ment processes, consider how the processes will affect the
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gquantity and characteristics of residuals. |In addition, recycle
flows fromsolids handling and treatment processes can
significantly affect |liquids treatnent processes and shoul d be
eval uat ed.

As an alternative to new or nodified facilities,
consider tying into existing POTW by evaluating life-cycle
costs. Consult service policies ontie-in criteria. |In general,
al ternatives should be evaluated using a cost anal ysis that
considers both life-cycle costs and other non-nonetary eval uation
criteria.

2.7.2.1 Life-Cycle Costs Evaluation. Evaluate alternative
wast ewat er processes and facility configurations using order-of -
magni tude costs and a life-cycle cost evaluation, which includes
the foll ow ng:

a) Capital costs, including construction costs and
associ ated | egal, engineering, and adm nistrative costs

b) Annual O8M (operation and mai nt enance) costs
estimated for the planning period of the project, usually 20
years

c) Repl acenent costs for equi pnment and facilities
during the planning period

d) Sal vage val ue and denolition or decomm ssioning
costs for facilities at the end of the planning period

e) Total present-worth costs or other conparative
costs in present-day dollars for Itens a through d

Capital costs, annual O&M costs, and total present-
worth costs should be presented for each alternative.

2.7.2.2 Non- Monet ary Eval uation. Alternatives should al so be
eval uated using non-nonetary criteria, which should be
established with input from key personnel responsible for the
construction and operation of the proposed facilities. Table 1
presents several non-nonetary evaluation criteria.

Eval uation using non-nonetary evaluation criteriais
| argely subjective and, therefore, should be done with the
participation of key personnel. |If desired, non-nonetary
criteria can be weighted, and each alternative can be ranked for
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each criterion. A total non-nonetary ranking can then be
established for each alternative.

2.7.2.3 Aternatives Selection. Select alternatives based on
the | owest total present-worth costs unless there are overriding
non-nonetary factors. |If alternative costs are conparabl e, use
the non-nonetary criteria to select the best alternative.

Table 1
Non- Monetary Evaluation Criteria

Criteria Comrent s
Qperability
Ease of operation M nim zes operator attention/expertise

required to ensure successful process
per f or mance

Ease of mai ntenance Mai nt enance requirements not excessive
and do not require special expertise;
facilities and equi pnment readily
accessi bl e

Qperator famliarity |[Staff famliarity and ability to use
staff experience from existing
facilities
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Table 1 (Conti nued)

Non- Monetary Evaluation Criteria

Criteria

Coment s

Reliability

Denonstr at ed
per formance

Hydraulic sensitivity

Wast e | oadi ng
sensitivity

Process contro
stability

Flexibility

Envi ronnental Effects
CQdor
Noi se
Vi sual inpacts

Ef fects on fl oodpl ain
Ef fects on wetl ands

Foot pri nt

Expandability
Foot pri nt
Flexibility

Proven process/technol ogy to neet
limts reliably

permt

Capability to handle variations in
hydraulic | oads with m ni mal process
i npact s

Capability to handl e variations in waste
| oads with m ninmal process inpacts

Not subject to upset from i nadvertent
oper ati onal changes, toxic sl ugs

Capability for changes in process
operations to handle differing waste | oad
conditions and to neet differing
treatment objectives for different

ef fluent requirenents

M ni
M ni

M nim zes
facility

izes potential for odors

noi se

i npact

m
m zes potential for
m negative visual of

M ni
M ni
M ni m
site,

zes changes to fl oodpl ain

m zes changes to wetl ands

zes footprint
i ncl udi ng renoval

and disruption to
of trees, etc.

Maxi m zes area avail abl e for expansion

Easily nodified to neet
| oads, effluent requirenents,
treatment objectives

differing future
and/ or
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2.7.3 Recommended Pl an. Describe the reconmmended pl an for
the wastewater facilities based on the alternatives eval uation.
This will consist of a conceptual design for the recomended pl an
and shoul d i nclude the foll ow ng:

a) Process design criteria and prelimnary sizing of
process facilities and equi pnent

b) Prelimnary hydraulic profile based on the peak
design fl ow

c) Prelimnary nmass bal ance for plant show ng process
performance and residual s production based on design | oadi ngs

d) Site layout showi ng | ocation of major facilities
e) Prelimnary | ayouts for nmjor process facilities
f) Overall electrical feed and distribution plan

g) Overall instrunentation and control plan
indicating the type of system proposed and maj or process control
and nonitoring functions

h) Specific provisions to neet other regul atory
requi renments such as stormnat er drainage and treatnent

2.7.4 Beneficial Reuse of Solids. Consider beneficial reuse
when evaluating alternatives for the disposal of residual solids
fromwastewater facilities. Stabilized solids from biol ogica
treat nent processes are commonly applied to agricultural |and,
where they can inprove crop production. Biological solids can
al so be further treated by conposting or other processes to
produce material that is acceptable for public use for

horticul tural and | andscapi ng purposes. Industrial wastes such
as heavy netals can limt the feasibility of beneficial reuse,
which is one reason for elimnating, reducing, or pretreating

i ndustrial wastewaters prior to their discharge to the FOTW

The di sposal of residual solids is regulated by 40 CFR
Part 503. This regul ation specifies the treatnent and di sposal
requi renents for beneficial reuse of residual solids. There are
two general types of solids, Cass A and Class B, which are
classified based on the |l evel of solids treatnent provided and
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the characteristics of the solids. Cass A and B solids can be
applied in bulk formto agricultural |and, forests, or
reclamation sites. Class A solids can also be applied in bulk
formto | awmms or gardens, or sold or given away in bags or other
cont ai ners.

For additional information on the Part 503 regul ations,
refer to EPA/ @5/ R-92-013, Environnental Regul ations and
Technol ogy: Control of Pathogens and Vector Attraction in Sewage
Sl'udge (Including Donestic Sewage) Under 40 CFR Part 5083.

2.8 O&M Manual s. Every wastewater facility should have a
site-specific, up-to-date O&%M manual to provide guidance to the
facilities staff. Regulators generally require these manual s;
see M L-HDBK-353 for additional requirenments. As part of any
wastewater facilities construction or expansion project, prepare
a new manual or update or supplenent the existing manual to
include the new facilities. O&M manuals will generally consi st
of two major parts: the operations manual, which is normally
prepared by the designer of the facilities, and a mai ntenance
manual , whi ch includes the equi prment nmanufacturer’s
recomendati ons and procedures for maintenance.

2.8.1 Operations Manual. The operations portion of the O%M
manual should normally be prepared by the design engineer. The
operations manual should include the follow ng:

a) Pl ant desi gn basis, including design flows and
| oads, hydraulic profile, mass bal ance, and effluent limtations.
I nclude all current permt requirenents.

b) Overall description of each process, its purpose,
and configuration.

c) Process data sunmary presenting process design
criteria, basin/tank sizes, and equi pnment type, size capacity,
hor sepower, speed, and manufacturer.

d) Process schenmatics showing all normal and
alternative flow paths, valving, and instrunentation and
control s.

e) Operating procedures, including process startup,

shut down, nornmal operations, and energency operations, if
appl i cabl e.
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f) | nstrunentation and control system description,
i ncluding locations and functions of all operator interfaces.

g) Process control procedures, including required
testing and cal cul ati ons necessary to nonitor and control
process. ldentify potential operational problens, causes, and
corrective procedures.

h) Unl ess included el sewhere, sanpling and | aboratory
procedures and requirenments for recordkeeping.

i) Unl ess included el sewhere, safety procedures
i ncludi ng those for storage and handling of any hazardous
materials used on site, electrical hazards, confined space entry,
and all other applicable safety-related topics.

2.8.2 Mai nt enance Manual. The mai nt enance manual portion of
the O&M manual primarily provides information on procedures for
mai nt ai ni ng, troubl eshooting, and repairing facility equi pnent.
This information should be provided by the equi prment

manuf acturers as part of the construction contract, which should
specify the mnimuminformation required. The contractor shoul d
be required to conpile the maintenance information into a single
manual for the facility. Maintenance manual s shoul d cover

equi pnent, controls, accessories, conponents (e.g., notors, speed
reducers), and appurtenances. M L-HDBK-353 defines requirenents
for mai ntenance manuals. Mnuals should include the foll ow ng

i nformati on:

a) Di agrans and il lustrations.

b) Det ai |l ed description of the function of each
princi pal conponent of any system

c) Perf ormance and nanepl ate data of each conponent.

d) Nanme, address, and tel ephone nunbers of the
foll ow ng: manufacturer, manufacturer's |ocal representative,
nearest parts supply house, and nearest repair service.

e) Installation instructions.

f) Procedure for starting.

g) Pr oper adj ust nent .
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h) Test procedures and results of factory tests where
required.

i) Procedure for operating, including both individual
conponents and the entire system (where the manual is for a

systen).

1) Shut down i nstructions for both short and extended
durati ons.

k) Enmer gency operating instructions.

[) Tr oubl eshooti ng gui de including conmon probl ens,
synpt ons, causes, and renedi es.

m Saf ety precautions.

n) Mai nt enance and overhaul instructions, illustrated
with detailed assenbly drawi ngs clearly show ng each part with
part nunbers and sequentially nunbered parts list. |Include

instructions for ordering spare parts as well as conplete
preventive mai ntenance and overhaul instructions required to
ensure satisfactory performance and | ongevity of equi pnent.

0) A current, dated, conplete price list.

p) Lubrication instructions and di agrans show ng
points to be greased or oiled; recommended type, grade, quantity,
and tenperature range of |ubricants; and frequency of
| ubrication, including the identification of the appropriate
[ ubricant(s).

q) Li st of electrical relay settings and control and
al arm cont act settings.

r) El ectrical interconnection wiring diagramfor
equi pnment furnished, including all control and |ighting systens.

S) El ectrical control diagrans.
t) Resul ts of performance tests.

u) Copies of all warranties/guarantees, wth warranty
start date(s).
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V) Li st of reconmmended spare parts, including the
recommended quantity for the total nunber of pieces of equi pnent
supplied for the project.

W) Li st of spare parts and special tools provided for
the project and the retail value of sane.

X) Mai nt enance sumary formas specified in
par. 2.8.3.

2.8.3 Mai nt enance Summary Fornms. A summary of criti cal

mai nt enance 1 nformation should be provided for all equipnent.
Provide this information on a standard formthat is readily
usabl e. Maintenance summary fornms al so can be used as a data
input formfor conputerized nmai nt enance managenent systens. The
follow ng el ements nmake up a typical maintenance summary form

a) Q&M i dentification nunbers

b) Equi pnrent item nane

c) Equi prent identification nunber

d) Manuf act ur er

e) Wei ght of individual conmponents (over 100 pounds)
f) Nanmepl ate data (hp, voltage, speed, etc.)

g) Nanme, address, and tel ephone nunber of the
manuf acturer's | ocal representative

h) A list of maintenance requirenents specifying each
requi red mai ntenance operation (refer to manufacturer's
mai nt enance manual , if applicable); the frequency of each
mai nt enance operation; any lubricants, if applicable; and
pertinent comrents

i) A list of several equivalent lubricants, as
di stributed by each manufacturer for the specific use
recommended, for each of the lubricants |listed in the maintenance
requirenents

A recommendation of the type and nunber of spare
parts that should be kept in stock
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2.9 Startup Training. Training of facility staff is
necessary before new wastewater facilities are started up.
Dependi ng on the experience of the staff, and their famliarity
with the proposed facilities, training should include the
fol | ow ng:

a) Equi prent O&M Trai ning. This training should be
provi ded by the equi prent manufacturer, nornally as part of the
construction contract. It should include all procedures
described in the O%M manual s provi ded by the manufacturer

b) Process Training. Were new or unique treatnent
processes are being constructed, operations staff should be
trained on the basic principles necessary for adequate process
control. For exanple, if a new biological nutrient renova
process is being constructed, staff should be given training on
t he basic m crobiol ogical reactions that occur to produce
nutrient renoval as well as the process nonitoring and operations
necessary to control the process.

c) Operating Procedures. Review the operating
procedures for all processes, including startup, shutdown,

normal , and emergency procedures, if any. |Include both classroom
trai ning and hands-on training where the operators can see which
val ves to operate, which control panels to nonitor, etc. |Include

operator interface with the instrunentation and control system

d) Safety Procedures. Review safety procedures for
all new facilities based on existing procedures. Ildentify
potenti al hazardous areas, such as confined spaces and hazar dous
chem cal storage areas, and review safety procedures. Locate
safety devices, such as safety showers, first-aid equipnent,
energency repair kits, and self-contained breathing apparat us,
and review procedures for their use.

e) Sanpling and Testing Procedures. Review new
requi renents for sanpling and testing within the facility.

2.10 Performance Testing. New facilities should be tested
for acceptabl e performance both before and after startup. To the
extent possible, the follow ng testing should be perfornmed before
begi nning treatnment of wastewater. Witten docunentation should
be prepared for all performance testing, which should include the
fol |l om ng checks:
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a) Equi prent Performance Testing. Check all
equi pnent for proper installation, alignnent, snooth operation,
non- excessi ve power draw, etc. Conduct tests to confirm
equi pnent performance as specified in contract docunents. For
exanpl e, for punps, use clean water, punp under design conditions
and confirmthat flow rate, operating pressures, and power draw
meet specified requirenents.

b) I nstrunentation and Controls. Confirmthat al
instrunmentation and controls operate as specified, including
nmonitoring, control, and alarmfunctions. Sinulate alarm
conditions and verify control set points.

c) System Performance. Operate systens and confirm
that all conponents, interlocks, controls, and the overall system
perform as specified.

After startup of the facility, review the perfornmance
of the facilities according to the facility design. To the
extent possible, unit processes should be | oaded to design
conditions to determne that they are perform ng adequately.

For exanple, if initial flows are one-half the design flow, one-
half the facilities should be used to sinulate design conditions.
In addition, to confirmthat plant effluent limtations are
reliably nmet, evaluate unit process efficiencies such as the
efficiency of aeration systens, chem cal usage rates, dewatered
solids concentrations, and ot her process performnce conponents
that will significantly affect operation and mai ntenance costs.
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Section 3: WASTEWATER FLOW RATES AND CHARACTERI STI CS

3.1 I ntroduction. Estimating wastewater flow rates and
characteristics is an essential step in the design of wastewater
facilities. |If the wastewater to be treated exists, take flow
measurenents and test the wastewater. |f the wastewater to be
treated is not existing, or if significant increases in the
wastewater flows are projected, estimate fl ows and
characteristics by using data fromsimlar facilities or from
the information provided here and in WEF MOP 8 (Volunes | and 11)
and WVEF MOP FD- 5.

In addition to conventional donestic wastewater, there
is a small conponent of industrial wastewater discharges unique
to mlitary installations, including ship discharges and certain
i ndustrial flows such as vehicle/aircraft wash facility
wast ewater. Al so, because of the unique nature